A micropapillary pattern is defined as papillary tufts without a fibrovascular core and is known to be a factor that indicates a poor prognosis in numerous cancers. However, their role in lung adenocarcinoma has not been investigated widely. In 185 cases of small-size lung adenocarcinoma (r3 cm), cases with a micropapillary pattern ratio of more than 1% (analyzed by NIH image) were defined as micropapillary pattern positive. Correlations between the micropapillary pattern and clinicopathological factors were investigated and immunohistochemical expression of mucin and various antigens was examined in regions with and without micropapillary patterns. Micropapillary pattern-positive tumors (micropapillary pattern ratio Z1%) were observed in 11.4% of cases (21/185) and the micropapillary pattern ratio correlated with TNM stage (P ¼ 0.0002), lymphatic invasion (P ¼ 0.0002) and lymph node metastasis (P ¼ 0.03). Disease-free interval (Po0.0002) and survival (P ¼ 0.027) were significantly shorter for micropapillary pattern-positive patients, and micropapillary pattern-positive stage IA cases also had a significantly shorter disease-free interval (Po0.0001). MUC1 was expressed strongly across the surface of the micropapillary structure, whereas MUC4 tended to show lower expression in the micropapillary pattern. It was noteworthy that the disease-free interval in patients with high surfactant apoprotein A expression was significantly better than in patients with low surfactant apoprotein A expression (P ¼ 0.03), and no recurrence or death occurred in patients with high surfactant apoprotein A expression. Our results show that the micropapillary pattern ratio correlates with lymphatic invasion and lymph node metastasis, and that a high micropapillary pattern ratio leads to a poor prognosis. High MUC1 expression on the surface is an important characteristic of a micropapillary pattern, and reduced surfactant apoprotein A expression in the micropapillary pattern may be an excellent indicator for poor prognosis in small-size lung adenocarcinoma.
Lung cancer is a disease with a poor prognosis, despite efforts in primary prevention, screening and therapy. However, many small lung adenocarcinomas without symptoms can now be detected due to advances in diagnostic techniques. Such adenocarcinomas are becoming an important area of study, but many show metastasis or recurrence. To improve the cure rate of small-size lung adenocarcinoma, it is important to make a clear histopathological distinction between carcinomas of patients with favorable outcomes and those with poor outcomes.
A micropapillary pattern is defined as a pattern showing micropapillary structures without a fibrovascular core. It is well known that the presence of a micropapillary pattern leads to a poorer prognosis in ovary, breast and bladder cancer. A micropapillary pattern has also been reported as an important factor in predicting poor prognosis in lung adenocarcinoma, [1] [2] [3] [4] [5] [6] but the immunohistochemical profile of micropapillary patterns in lung adenocarcinoma is not well understood.
In this study, we determined the micropapillary pattern ratio in small-size lung adenocarcinoma samples using a more objective method than used previously, and we examined the relationship between the presence of a micropapillary pattern and prognosis. We suggest that the unique characteristics of a micropapillary pattern lead to a poorer prognosis in cases with a high micropapillary pattern ratio.
Materials and methods

Surgical Specimens and Patient Characteristics
From January 1994 to December 2000 in the Minami Kyushu National Hospital, radical surgical removal was performed for 185 patients (males, 72; females, 113; mean age, 67.0 years old (range 43-84)) with primary lung adenocarcinoma of the non-BAC type and smaller than 3 cm in size. Histologically, the adenocarcinoma was grade 1, 2 and 3 in 106, 76 and three cases, respectively. The patient characteristics are shown in Table 1 . Distant metastasis was not detected in any patient and performance status was 
Micropapillary Pattern Ratio
Detection of micropapillary patterns was performed using the specimen of largest area for each sample. CD68 expression was analyzed immunohistochemically to exclude alveolar macrophages. The micropapillary pattern area was marked on the scanned specimen and the micropapillary pattern ratio (micropapillary pattern area/non-micropapillary pattern area Â 100) was analyzed using NIH image (version 1.62, NIH Division of Computer Research and Technology, Bethesda, MD, USA). Cases showing a micropapillary pattern ratio of Z1% were defined as micropapillary pattern positive.
Comparison of Micropapillary Pattern Ratio with Clinicopathological Factors
Various potential prognostic parameters (age, sex, TNM stage, P-factor, tumor size, lymph node metastasis, lymphatic invasion, venous invasion and serum CEA level at the preoperative stage) were examined to determine their relationship with disease-free interval, overall survival and micropapillary pattern status ( Table 1 ). The P-factor reflecting the degree of visceral pleural invasion was defined according to the criteria of the Japan Lung Cancer Society as follows: P0, the tumor does not penetrate the elastic layer of the visceral pleura; P1, the tumor penetrates the elastic layer but is not exposed on the pleural surface; P2, the tumor is exposed on the pleural surface but does not involve adjacent anatomic structures and P3, the tumor involves adjacent anatomic structures. Immunohistochemical staining was performed with the immunoperoxidase method using the ABC complex (Vector Laboratories, Inc., Burlingame, CA, USA) as described previously. 7, 8 Briefly, each section was deparaffinized with xylene and endogenous peroxidase was blocked by incubating the sections in 0.3% hydrogen peroxide in absolute methanol at room temperature for 30 min. After hydration in decreasing concentrations of ethanol in water, the sections were washed in 0.01 mol/l PBS (pH 7.4). Water bath pretreatment at 801C for 20 min in 0.01 M citrate buffer (pH 6.0) was used for MUC4 epitope retrieval and water bath pretreatment at 981C for 40 min was performed for ErbB2 epitope retrieval. Autoclave pretreatment at 1201C for 5 min was used for p27 epitope retrieval. All sections were washed twice with PBS and then exposed to 2% horse serum in PBS for 30 min at room temperature to prevent nonspecific staining. For staining using each antibody, the sections were incubated with primary antibodies (dilutions: DF3, 1:10; PE-10, 1:100; MUC4, 1:3000; ERbB2, 1:100; p27, 1:100; CEA, 1:500; MUC5AC, 1:100; p16, 1:250; CD68, 1:50) in PBS with 1% bovine serum albumin for 16 h at 41C The sections were washed three times with PBS, incubated with the biotinylated secondary antibody and then washed three more times with PBS. All sections were then treated with the ABC complex (Vector Laboratories, Burlingame, CA, USA) for 30 min. After washing a further three times with PBS, the sections were reacted with diaminobenzidine substrate for 10-30 min for visualization, rinsed with tap water, counterstained with hematoxylin and mounted.
Scoring of the Results
Antibody staining was graded based on the percentage of positively stained neoplastic cells as follows: 0, no neoplastic cells stained; 1 þ , o25% of neoplastic cells stained; 2 þ , Z25% to o50% of neoplastic cells stained; 3 þ , Z50% to o75% of neoplastic cells stained and 4 þ , Z75% of neoplastic cells stained. Staining of the cytoplasm, cell apex (luminal surface) and associated secretory products (luminal contents) was evaluated separately and cells were considered to be positive when at least one of these components stained positively. The immunohistochemical evaluation was performed by three observers (H Tsutsumida, M Nomoto and S Yonezawa).
Statistical Analysis
The correlation of clinicopathological factors (age, gender, T-factor, tumor size, lymph node metastasis, lymphatic invasion, vessel invasion, serum CEA at the preoperative stage and smoking) with micropapillary pattern ratio was examined using univariate analysis. Statistical significance was set at Po0.05. Overall survival was measured from the date of surgery to the date of the last follow-up or death, whereas disease-free interval was measured from the date of surgery to the date when recurrence was first detected. Disease-free interval and overall survival curves were plotted using the KaplanMeier method and differences were analyzed by logrank test. Disease-free interval and overall survival were also compared between micropapillary pattern-positive (micropapillary pattern ratio Z1%) and micropapillary pattern-negative (micropapillary pattern ratio o1%) cases. JMP software (AS Institute Inc., Cary, NC, USA) was used for all statistical analyses.
Results
Detection of a Micropapillary Pattern in Small-Size Lung Adenocarcinoma
Micropapillary patterns were detected based on the presence of micropapillary structures without a fibrovascular core (Figure 1a) . Expression of CD68 was analyzed to distinguish alveolar macrophages from a micropapillary pattern; alveolar macrophages show high expression of CD68 (Figure 1b) but low or no expression of MUC1 (Figure 1c) . Among the 185 cases of adenocarcinoma, 53 included a micropapillary pattern. The micropapillary ratio ranged from 0.01 to 31.3% (mean7s.d.: 3.5476.61%) and the median value was 0.7%. Six cases had a micropapillary pattern ratio of over 5%, 15 had a micropapillary pattern ratio of 1-5%, 32 had a micropapillary pattern ratio of 0-1%, and 132 cases showed no micropapillary pattern in the specimen of largest area ( Table 2 ). Cases with a micropapillary pattern ratio of more than 1% were categorized as micropapillary pattern positive (21 cases) and the remaining cases were considered to be micropapillary pattern negative (164 cases). In the micropapillary patternpositive cases, a micropapillary pattern was detected in space entrapped by atypical cells in seven cases (inside pattern: Figure 1d ) and in the normal alveolar space in 11 cases (outside pattern: Figure 1e ). A mixed pattern was detected in three cases.
Relationship Between Clinicopathological Factors and Micropapillary Pattern
TNM stage, P-factor, tumor size, lymph node metastasis, lymphatic invasion, venous invasion and serum CEA level at the preoperative stage all showed a correlation with disease-free interval and overall survival, and sex correlated with disease-free interval. TNM stage (P ¼ 0.0002), lymphatic invasion (P ¼ 0.0002) and lymph node metastasis (P ¼ 0.03) were correlated with a micropapillary pattern-positive status (Table 1) .
Correlation Between Micropapillary Pattern Status and Outcome
Of the 21 micropapillary pattern-positive cases, recurrence was observed in 13 patients and eight patients died during the follow-up period. The median and mean length of survival for all patients with small-size lung adenocarcinoma who underwent surgery were 62 and 62.6 months, respectively. Disease-free curves for micropapillary pattern-positive and micropapillary pattern-negative patients are shown in Figure 2a ; the disease-free curve for the micropapillary pattern-positive group was significantly lower than that for the micropapillary pattern-negative group (P ¼ 0.003). Overall survival curves for micropapillary pattern-positive and micropapillary pattern-negative patients are shown in Figure 2b ; these curves indicate that the micropapillary pattern-positive group had significantly poorer survival than the micropapillary patternnegative group (P ¼ 0.047). A comparison of micropapillary pattern-positive and micropapillary pattern-negative patients was also performed for stage IA cases only, in which disease-free interval and survival were longer than for other stages ( Table 1) . The disease-free curve for micropapillary patternpositive stage IA cases (n ¼ 7) was significantly lower than that for micropapillary pattern-negative stage IA cases (n ¼ 124) (Po0.0001, data not shown), whereas overall survival showed no significant difference between the two groups (P ¼ 0.34).
Outcome Based on Histological Type of Micropapillary Pattern
Disease-free interval and overall survival did not differ significantly among cases with an inside-type, outside-type and mixed-type micropapillary pattern (Figure 3a and b) , although patients with an outsidetype pattern tended to have a shorter disease-free interval and shorter overall survival.
MUC1, MUC4, MUC5AC, Surfactant Apoprotein A, ERBb2, CEA, p16 and p27 Expression in Small-Size Lung Adenocarcinoma
The results of immunohistochemical analysis of protein expression were initially obtained as a Months after surgery OS (%) a b Figure 2 Disease-free interval and survival curves for micropapillary pattern-positive (micropapillary pattern ratio Z1%) and micropapillary pattern-negative (micropapillary pattern ratio o1%) cases. Kaplan-Meier plots are shown for postoperative disease-free interval (a) and survival (b). Log-rank analysis indicated significant differences in disease-free interval (P ¼ 0.0002) and survival (Po0.05) between the two groups.
semiquantitative score (from 0 to þ 4). In Table 2 , these data are shown in terms of high or low expression and in this form the data showed no significant correlation with micropapillary pattern status. Comparison of the semiquantitative expression score between micropapillary pattern and nonmicropapillary pattern areas suggested that MUC1 was expressed strongly in both areas in all micropapillary pattern-positive cases (Figure 4 ), although MUC4 expression in the micropapillary pattern area was lower than that in the non-micropapillary pattern area in five of the 21 cases. The expression levels of other proteins showed no significant difference between micropapillary pattern and non-micropapillary pattern areas. MUC1 was strongly expressed in the membrane of carcinoma cells in micropapillary patterns but not expressed in the cytoplasm.
Surfactant Apoprotein a Expression and Outcome
The combined status of MUC1 and surfactant apoprotein A expression was found to be an independent prognostic factor in our previous study. 9 Therefore, we investigated MUC1 and surfactant apoprotein A expression in the micropapillary pattern area and performed statistical analysis using the Kaplan-Meier method for the 21 micropapillary pattern-positive cases. Typical immunohistochemical findings are shown in Figure 5 . As demonstrated in Figure 6a and b, disease-free interval in patients with high surfactant apoprotein A expression (surfactant apoprotein A ¼ 4 þ ) was significantly longer than that in patients with low surfactant apoprotein A expression (surfactant apoprotein Ar3 þ ) (P ¼ 0.03). However, survival in patients with high and low surfactant apoprotein A expression was not significantly different, and there was no case of recurrence or death in patients with high surfactant apoprotein A expression.
Discussion
The presence of a micropapillary pattern is known to lead to a poorer prognosis in cancer of the ovaries, 10,11 breast 12,13 and bladder. 14, 15 Several studies have investigated the role of micropapillary patterns in lung adenocarcinoma, [1] [2] [3] [4] [5] [6] and here we have demonstrated that such patterns have unique characteristics in terms of MUC1 and surfactant apoprotein A expression. The criteria for definition of the micropapillary pattern ratio have been inconsistent in previous studies, [1] [2] [3] [4] [5] [6] with different methods used to evaluate this ratio. We determined the ratio in a more objective manner using NIH image software, and our criterion of a micropapillary pattern ratio Z1% resulted in a lower percentage of micropapillary pattern-positive cases compared with previous reports. In addition, we excluded CD68-positive alveolar macrophages, which are sometimes difficult to distinguish from scattering cancer cells in alveolar space. Therefore, we believe results are representative of the percentage of micropapillary pattern-positive cases among a population of small-size lung adenocarcinoma patients.
Our results show that a micropapillary patternpositive status correlated with lymph vessel invasion and lymph node metastasis, leading to poor survival. In a previous study, we demonstrated that MUC1 downregulation by RNAi led to decreased proliferation and lymphatic metastasis, with an altered phenotype of pancreatic cancer cells. 16 Since high MUC1 expression was detected on the entire surface of the micropapillary pattern in the current study, collectively our results suggest that the presence of a micropapillary pattern may be correlated with lymph node metastasis due to high MUC1 expression. This may occur because mucins (the gene product of MUC1) contribute to tumor invasion by simultaneously disrupting existing interactions between opposing cells (anti-adhesion) and establishing new ligands for interaction between the invading cell and the adjoining cells (adhesion). Cell-surface-associated mucins are bound to cells by an integral transmembrane domain and have relatively short cytoplasmic tails that associate with cytoskeletal elements and cytosolic adaptor Log-rank analysis indicated no significant differences in diseasefree interval and survival among the three groups.
proteins, and participate in signal transduction. Mucins might also serve as cell-surface receptors and sensors and conduct signals in response to external stimuli that lead to coordinated cellular responses that include proliferation, differentiation, apoptosis or secretion of specialized cellular products. 17 Therefore, high MUC1 expression associated with a micropapillary pattern may make cancer cells more metastatically aggressive, even though the micropapillary pattern contains only a small number of cells.
We have previously reported that the prognosis of patients with small-size lung adenocarcinoma is poor for those with an expression pattern of MUC14surfactant apoprotein A, and conversely is good for an expression pattern of MUC1rsurfactant apoprotein A. 9 Jiang et al. 18 reported that a deletion in the surfactant apoprotein A gene contributed to a poor prognosis in stage IA lung cancer; in the current study, the micropapillary pattern area always showed high MUC1 expression and loss of surfactant apoprotein A was predictive of a poor prognosis in cases with a micropapillary pattern.
We also compared the outcomes of cases with each type of micropapillary pattern: the inside and outside types. Cases with the outside type tended to have a poor prognosis, but there was no significance difference because of the low sample size The outside-type micropapillary pattern is present at the head of the growing tumor, and this may have a stronger effect on lymphatic invasion and lymph node metastasis compared with the inside type. Kuroda et al. 19 described two types of micropapillary pattern in breast cancers based on breast-type and alveolar-type histology and showed that poorer prognosis was associated with a breast-type micropapillary pattern. If the inside type of micropapillary pattern corresponds to the breast type and the outside type corresponds to the alveolar type, our results are not in agreement with that of Kuroda and co-workers, making it important to clarify the definition of micropapillary pattern types. Furthermore, in breast cancer, it has been reported that MUC1 expression occurs in the whole cytoplasmic membrane in pseudo-invasive micropapillary carcinoma, whereas the reversed membrane pattern is present in pure invasive micropapillary carcinoma. 20 In the current study, both the inside-type and outside-type micropapillary patterns showed a pure micropapillary pattern with MUC1 expression, again suggesting that further examination of the details of micropapillary patterns is required (Table 3) .
It has been suggested that a micropapillary pattern can have a significant effect upon micrometastasis, 6 and we found that the micropapillary pattern contributed to stage advancement through lymph node metastasis, leading to a poor prognosis. Furthermore, stage IA-positive cases had a shorter disease-free interval, but overall survival in stage IA was not affected by micropapillary pattern status. This result may be due to the relatively good overall prognosis in stage IA lung adenocarcinoma. Our findings are also compatible with those reported by Roh et al., 6 who demonstrated that micropapillary pattern-positive cases show higher nodal micrometastasis in stage IA lung adenocarcinoma.
In conclusion, our immunohistological results indicate that strong expression of MUC1 across the surface of a micropapillary structure is a unique characteristic of a micropapillary pattern in lung adenocarcinoma. Recent reports [1] [2] [3] [4] [5] [6] have suggested that the presence of a micropapillary pattern may be an important prognostic factor in lung adenocarcinoma, and may be associated with lymphatic invasion and lymph node metastasis. Our results also show the significance of a micropapillary pattern in stage IA lung adenocarcinoma. Furthermore, reduced surfactant apoprotein A expression in the micropapillary pattern area contributed to a poor outcome in small-size lung adenocarcinoma, and the morphological pattern of the micropapillary pattern may play an important role in this disease. Finally, our results suggest various biological characteristics of a micropapillary pattern, which could be applicable in clinical practice. 
